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1. PURPOSE. This advisory circular (AC) provides guidance for certification of airframe ice
protection systems on transport category arplanes. While this is the primary focus of this AC,
the guidance dso supplements similar guidance provided in other AC's concerning icing
requirements for other parts of the arplane. The Federd Avidtion Administration (FAA) will
consider other methods of demonstrating compliance that an agpplicant may elect to present. This
materiad is neither mandatory nor regulatory in nature and does not conditute a regulation.

2. APPLICABILITY. The guidance provided herein agpplies to the agpprova of the indalation
and operation of ice protection systems in the icing environment defined in 14 CFR part 25,
Appendix C. If cetification for flight in icing conditions is desred, the arplane must be gble to
safely operate throughout the icing envelope of Appendix C. Section 25.1419 sets forth the
specific arframe requirements for demondrating compliance with the icing conditions defined in
Appendix C. Additiondly, for other parts of the arplane (i.e, engine, engine inlet, propeller)
there are more specific icing requirements and associated guidance defined in the referenced
regulations and advisory circulars listed in paragraph 3 below. Some of the icing-related
regulations must be complied with, even if the arplane is not certificated for flight in icing (eg.,
§§ 25.629(d)(3), 25.903, 25.975,25.1093, 25.1323(e), and 25.1325(b)). This AC contains
limited information on flight tests for icing certification; additiond information may be found in
Advisory Circular 25-7A, referenced in paragrgph 3 of this AC. The guidance provided in this
AC is gpplicable to new Type Certificates (TC's), Supplemental Type Certificates (STC's), and
amendments to exising TC's for arplanes certified under Part 4b of the Civil Aviaion
Regulations (CAR) and Part 25, for which gpprova under the provisons of § 25.1419 is desired.

3. RELATED REGULATIONS AND DOCUMENTS.

a. Regulations.
$25.629 Aerodadic dability requirements
§ 25.773(b)(1)(11) - Pilot compartment view
§ 25.903 Engines
$25.929 Propdller deicing

§ 25.975 Fud tank vents and carburetor vapor vents
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$25.1093 - Induction system icing protection
§ 25.1323(e) Airspeed indicating system

§ 25.1325(b) - Static pressure systems

$25.1326 Pitot heat indication system
$25.1403 - Wing icing detection lights

§ 25.1585(a)(6) Operating procedures

§ 33.68 - Induction system icing

§ 33.77 Foreign object ingestion

§ 33.78 - Rain and hal ingestion

b. Advisory Circulars. The AC's listed below may be obtained from the U.S. Department
of Trangportation, Subsequent Didtribution Office, SVC- 12 1.23, Ardmore East Business Center,
3341 Q 75th Avenue, Landover, MD 20785:

AC 20-73 Aircraft Ice Protection, dated 4/21/71.

AC 25-7TA Hight Test Guide for Certification of Transport Category
Airplanes, dated 3/31/98.

AC 25-11 Trangport Category Airplane Electronic Display Systems,
dated July 16, 1987

AC 25.629-1A Flutter Substantiation of Trangport Category Airplanes,
dated 7/23/98.

AC 25.1309-1A System Design Andysis, dated 6/2 1/88.

AC20-1 17A Hazards Following Ground Deicing and Ground

Operdions in Conditions Conducive to Aircraft
Icing, dated 12/1 7/82.

AC 20 15B Radio Technicd Commisson for Aeronautics, Inc. (RTCA)
Document RTCA/DO-178B, dated 1/ 1/93.

AC 120-42A Extended Range Operation with Two-Engine Airplanes
(ETOPS), dated 12/30/88

Note: AC 25-7A is avalable from the Superintendent of Documents, U.S. Government Printing
Office, Washington D.C. 20402 (stock number 050-007-01214-4; $33.00).
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4. RELATED READING MATERIAL.

a. RTCA/DO-178B, “Software Condderations in Airborne Systems and Equipment
Certification,” published December 1, 1992, provides an acceptable means of compliance for
software used in arborne systems and equipment. This document may be obtained from the
RTCA Inc., 1140 Connecticut Avenue NW., Suite 1020, Washington, D.C. 20036.

b. FAA Technicd Report DOT/FAA/CT-88/8-1, “Aircraft Icing Handbook” published
March 1991, updated September 1993, includes reference materia on ground and airborne icing
faciliies, smulation procedures, and andytica techniques. This document represents dl types
and classes of arcraft and is intended as a working tool for the designer and andyst of ice
protection systems.

c. FAA Technicd Report ADS4, “Engineering Summary of Airframe Icing Technicd
Daa” and Report No. FAA-RD-77-76, “Engineering Summary of Powerplant Icing Technica
Data” provide technicd information on arframe and engine icing conditions, and methods of
detecting, preventing, and removing ice accretion on arframes and engines in flight. Although
most of the information contained in ADS4 and FAA-RD-77-76 is ill vdid, some is outdated.
More usable information is now avalable through recent research and experience and is included
in the Aircraft Icing Handbook referenced in paragraph b. above.

Note: The FAA technica reports listed above can be obtained from the National Technica
Information Service (NTIS), Department of Commerce, 5285 Port Royd Road, Springfield,
Virginia22 16 1.

d. RTCA/DO160D, “Environmentd Conditions and Test Procedures for Airborne
Equipment.” This document may be obtained from the RTCA Inc., 1140 Connecticut Avenue
NW., Suite 1020, Washington, D.C. 20036.

Vi L. Lipski
Acting Manager, Trangport Airplane Directorate
Aircreft Certification Service

iii (and iv)
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1. BACKGROUND.

a. Civil Air Regulaions (CAR).

(1) Prior to 1953, arplanes were certificated under Part 04 of the CAR. Section
04.58 14 required that if deicer boots were ingalled, then postive means must be provided for the
defletion of al wing boots. There were no other references to an airplane ice protection system
in Part 04,

(2) Part 4b of the CAR was codified on December 3 1, 1953. The requirement for
positive means of deflating deicer boots was incorporated, without change, in § 4b.640. Section
4h.640 dated that, “When an ice protection system is ingtdled, it shall be of an approved type. |f
pneumatic boots are used, a least two independent sources of power and a postive means for the
deflation of the boots shdl be provided.” Section 4b.35 1 (b)(ii) provided requirements for pilot
compartment vigon in icing conditions. Section 4b.406 provided propeler-deicing
requirements.  Section 4b.46 1 provided induction sysem deicing and anti-icing requirements.
Section 4b.612(a)(5) required that the airspeed indicating system be provided with a heated pitot
tube or eguivdent means of preventing mafunctioning due to icing.

(3) Amendment 4b-2, effective August 25, 1955, introduced icing envelopes smilar to
the current Appendix C to part 25. The graphs added by Amendment 4b-2 (4b-24a, 4b-24b, 4b-
24c, 4b-25a, 4b-25b, and 4b-25c) were identicd in substance and format to the current Appendix
C envelopes with a few exceptions. These envelopes described the liquid water content, the
mean effective diameter of droplets, the temperature, and horizontd and verticd extent of the
supercooled icing cloud environment. In the figures introduced by Amendment 4b-2, the units of
the distances shown on the graphs were expressed in datute miles ingtead of nautical miles. The
Liquid Water Content (LWC), however, is identica between the Amendment 4b-2 figures and
the current Appendix C envelopes, if the correction for the difference in value between nautica
and datute miles is made. There are two dgnificant differences between the Amendment 4b-2
enveopes and the current Appendix C. The minimum mean effective diameter in the
intermittent maximum conditions was 20 microns versus the current 15 microns, and the
LWC/distance factor was 1.5 gatute miles versus the current 0.26 nautica miles (0.3 datute
miles).

(4) Amendment 4b-6, effective August 12, 1957, revised the icing envelopes to the
current requirements and revised § 4b.461, “Induction sysem de-icing and anti-icing
provisons” The preamble to the amendment states, “There are included herein changes which
extend the currently effective provisons governing intermittent maximum icing conditions 0 as
to cover conditions which might be criticd insofar as the turbine engine induction system is
concerned. In this regard, the data are being extended in accordance with NACA Technica Note
2738 and involve a revison of Figure 4b-25a to cover drop diameters as smal as 15 microns and
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a revison of Figure 4b-25¢ to cover distances down to 0.3 mile. The icing conditions prescribed
in the currently effective regulations are gpplicable in the main to the arframe. The changes
being made in section 4b.461 require the turbine powerplant to be subjected to the same icing
conditions and require that the induction system be protected to prevent serious engine power
loss. A dgmilar requirement is incorporated with respect to certification of turbine engines by an
amendment to Part 13 which is being made concurrently with this amendment.”

b. Part25.

(1) Part 4b of the CAR was recodified into part 25, effective February 1, 1965. After
recodification, with minor editorial changes the content of § 4b.640, Ice protection, became
§ 25.1419; § 4b.406, Propeller deicing provisons, became § 25.929; § 4b.612(a)(5), Airspeed
indicating sysems, became § 25.1323(e); § 4b.351(b)(1)(11), Pilot compartment view, became
§ 25.773(b)(1)(i1). The § 4b.351 reference to the most severe icing conditions for which
goprova of the arplane is desred was changed in pat 25 to reference the icing conditions
gpecified in § 25.14 19. Section 4b.461, Induction system deicing and anti-icing provisons,
became $25.1093.

(2) Amendment 25-5, effective July 29, 1965, revised § 25.1325(b) to require that the
correlation between ar pressure in the gtatic pressure system and true ambient atmospheric dtatic
pressure is not changed when the airplane is exposad to the continuous and intermittent
maximum icing conditions defined in Appendix C.

(3) Amendment 25-11, effective June 4, 1967, revised $25.1585 to require that the
Airplane Hight Manud include information on the use of ice protection equipment.

(4) Amendment 25-23, effective May 8, 1970, revised $25.1419 to require that the
effectiveness of the ice protection system and its components be shown by flight tests of the
arplane or its components in measured natural atmospheric icing conditions. Previous to this
amendment, flight tests in naturd icing conditions were conddered as one means of compliance
but were not mandatory. Amendment 25-23 aso revised § 25.1309 to include additional
requirements for certificating equipment, sysems, and indalations. The regulation was revised
to require a comprehensive systematic fallure analyss, supported by appropriate test, to ensure
that the safety objectives of the probability of occurrence decrease as the hazard of a failure
increases.

(5) Amendment 25-38, effective February 1, 1977, added § 25.1403 to require a means
for illuminating or otherwise determining the formation of ice on the parts of the wings that are
citicad from the gtandpoint of ice accumulaion. The requirement is not gpplicable if the
operating limitations prohibit operations at night in known or forecast icing conditions.
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(6) Amendment 25-43, effective April 12, 1978, added $25.1326 to require the
indallation of a pitot hest indication sysem on airplanes eguipped with flight instrument pitot
heating systems.

(7)  Amendment 25-46, effective December 1, 1978, added § 25.1416 to require specific
standards for pneumatic deicer boots.

(8)  Amendment 25-72, effective July 20, 1990, transferred § 25.1416 to § 25.1419 for
clarification and editorid improvement. In addition, the contents of § 25.1416(c), which
required a means to indicate to the flightcrew that the pneumatic deicing boot system is recaiving
adequate pressure and is functioning normaly, were revised to dlow the use of the “dark
cockpit” concept (i.e., a warning when falure occurs rather than continual pilot monitoring of a
hedthy system).

2. CERTIFICATION PLAN. At the start of the design and development effort, the gpplicant
should submit a certification plan to the cognizant FAA Aircraft Certification Office (ACO) for
goprovad. The cetification plan should include the following basic information:

a. A generd arplane decription that includes dimendons, arworthiness limitations, and
other data that may be relevant to cetification of ice protection systems.

b. lce protection systems description.

c. A compliance checklist that addresses each section of part 25 gpplicable to the product.

d. ldentification of the certification methods for each applicable section of part 25,
including a description of andyses and tests, or references to amilarity of designs, tha the
goplicant intends for cetification of the ice protection sysem. These methods of showing
compliance should be agreed upon between the gpplicant and the FAA early in the certification
program prior to conducting certification tests.

e. A falure hazard assessment to determine the criticdity of the system.

f. If the ice protection or detection systems contain software, software plans, as described
in RTCA DO-178B (or another acceptable means of compliance for software).

0. Projected schedules of design, andyses, testing, and reporting.

h. A lig of any anomdous 14 CFR part 33 icing certification test results, if completed, that
will require specid operating procedures.
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I. If the ice protection or detection systems contain complex eectronic hardware (such as
programmable logic devices (PLD) or application specific integrated circuits (ASIC)), plans for
providing a leve of desgn assurance of these devices commensurate with their potentia
contribution to arcraft hazards and sysem failures, which could result from dectronic hardware
faults or malfunctions

3. ANALYSES. The gpplicant should prepare analyses to substantiate decisons involving the
application of sdected ice protection equipment. Such andyses should clearly state the basic
protection required and the assumptions made, and delineste the methods of andysis used. All
andyses should be vdidated ether by tests or have been vaidated by the gpplicant on previous
programs. This substantiation should include a discusson and rationde of the assumptions made
in the andyses. To utilize a previoudy validated methodology, the applicant should substanticte
that the methodology is gpplicable to the new program. The following is a lig of andyses
typicdly peformed during an icing cetification program:

a. Anayss of Areas and Components to be Protected. The agpplicant should examine those
aress lisged below to determine the degree of protection required:

(1) Leading edges of wings, winglets, and wing gruts, horizontal and vertica dabilizer;
canads, and other lifting surfaces.

(2) Leading edges of control surface baance areas, if not shielded.

(3) Accessory cooling ar intakes that face the airsream and/or could otherwise become
restricted due to ice accretion.

(4) Antennas and masts.

(5 Externd tanks.

(6) Externa hinges, tracks, door handles, and entry steps.

(7)  Ingruments induding pitot tube (and mast), static and dynamic ports, angle-of-
attack sensor, and stdl warning.

(8)) Forward fusdlage nose cone and radome.
(9 Windshidds.
(10) Landing gear.

(11) Reractable forward landing lights.
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(12) Ram air turbines.

(13) Ice detection lights, if required for compliance with § 25.1403.

(14) Vortex generators inddled on lifting surfaces and the fusdage, and dall
improvement devices such as strips, vortilons, and fences.

(15) Any dructure that extends into the free stream such as cameras, camera mounts, and
video equipment.

Note 1. Ice protection of fue tank vents, propdlers, and engine inlet cowls is addressed by part
25, subpart E - Powerplant.

Note 2: An agpplicant may determine that protection is not required for one or more of these
areas or components. If so, the goplicant should include supporting data and rationde in the
anayses for dlowing those areas or components to go unprotected. The gpplicant should show
that the lack of protection does not adversdy affect the handling characteristics or performance
of the arplane. If there is uncertainty about the effects of the lack of protection, the effects
should be determined by flight tet demonstration.

b. The 45-Minute Hold Condition. Ice shapes resulting from a 45-minute hold condition
should be considered when developing criticd ice shapes for which the overal performance and
handling characteristics of the arplane are to be andyzed. The arplane’s tolerance to continuous
ice accumulation on the unprotected surfaces should be evaduated in accordance with the
information provided in AC 20-73. The applicant should determine the effect of the 45-minute
hold in continuous maximum icing conditions. It should be assumed that the arplane will
remain in a rectangular “race track” paitern, with al turns being made within the icing cloud.
Therefore no horizontal extent correction should be used for this andyss. The gpplicant should
subgtantiate the criticd mean effective drop diameter, LWC, and temperature that result in the
formation of an ice shape that is critical to the arplane€'s peformance and handling qudities.
The critical ice shapes derived from this 45-minute hold analysis should be compared to critica
shapes derived from other andyses (i.e,, for climb, cruise, and descent) to establish the most
critical artificiad ice shgpes to be used during dry air flight tests. Not only is the thickness
important, but the shape, location, and texture may contribute to adverse aerodynamic
characterigtics.

Note: The 45-minute hold condition will result in large ice shgpes on the unprotected surfaces
that, from visuad assessment aone, would gppear to have a dragtic effect on arplane performance
and handling characterigtics. Operationd history and wind tunnel tests have shown that the ice
that forms on the protected and unprotected surfaces before activation and normal operation of
the ice protection system may dso have a detrimentd effect on the lift and pitching moment
characteridtics of the wing and horizontd tal arfoils. Smilarly, for arplanes with cydic ice
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protection systems, the ice that accretes on the protected surfaces between cycles may have more
than an inggnificant contribution to the totd effect of ice on the arplane performance and
handling characterigtics, when combined with the 45-minute holding ice accretion on the
unprotected surfaces.

c. Hutter Andyss Advisory Circular (AC) 25.629-1A, “Hutter Substantiation of
Trangport Category Airplanes,” provides guidance for showing compliance with $25.629.
Section 25.629(d)(3) requires the congderation of inadvertent encounters with icing for arplanes
not cetificated for flight in icing conditions.

d. Power Sources. The agpplicant should evauate the power sources in the ice protection
system design (eg., dectrica, bleed air, and pneumatic sources). An dectrica load analyss or
test should be conducted on each power source to determine thet it is adequate to supply the ice
protection system plus dl other essentia eectrica loads throughout the arplane flight envelope
under conditions requiring operation of the ice protection sysem. The effect of an ice protection
sysem component falure on power availability to other essential loads should be evauaed in
accordance with § 25.1309. All power sources that affect engine or engine ice protection
sysems for multiengine arplanes must comply with the engine isolaion requirements of
§ 25.903(b).

e. Falure Andyss Advisory Circular (AC) 25.1309-1A, “Sydem Desgn Andyss”
provides guidance for demondgtrating compliance with the requirements of § 25.1309.
Substantiation of the hazard classfication of ice protection sysem falure conditions is typicaly
accomplished through andyses and/or tegting. The falure andyss should include the potentid
contribution of complex dectronic hardware faults and mafunctions to sysem failure conditions,
and classfy the hardware assurance level gppropriately.

f. Similarity Analyses.

(1) In the case of cetification based on amilarities to other type certificated arplanes
previoudy agpproved for flight in icing conditions, the gpplicant should specify the arplane
model and the component to which the reference applies. Specific amilarities should be shown
in the areas of phydcd, functiond, thermodynamic, pneumdtic, aerodynamic, and environmenta
exposure. Anadyses should be conducted to show that the component ingtallation, operation, and
the effect on the arplan€'s peformance and handling are equivaent to that of the previoudy
goproved  configuration.

(2) Smilarity requires an evaudion of both the sysdem and inddlation differences that
may adversdy affect the sysem peformance. An assessment of a new ingalation should
condder differences affecting the arplane and the system. If there is uncertainty about the
effects of the differences, additiond tests and/or andyses should be conducted as necessary and
appropriate to resolve the open issues.
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(3) Engineering judgment should be used to determine if the ice protection system
should be retested in measured naturd icing conditions. The differences in the ice protection
sysems should be evauated for therr effect on the functiondity of the ice protection systems and
on sdfe flight in icing. If there is uncertainty about the effects of the differences flight teds in
measured naturd icing conditions should be accomplished.

Note: The applicant must possess dl the data to substantiate compliance with applicable
regulaions, incduding the data from past cetifications on which the smilarity andyss is based.

0. Impingement Limit Andyses. The applicant should prepare a droplet trgectory and
impingement analyss of the wing, horizontad and verticd dabilizers, propelers, and any other
surfaces tha may require icing protection. This andyds should congder the various arplane
operational configurations and the associated angles of attack. The andyds should establish the
upper and lower &t droplet impingement limits that can then be used to edtablish the aft ice
formation limit and the ice protection coverage needed.

4. DRY AIR GROUND TESTS. Depending upon the details of the ice protection system
desgn detalls, some preiminary ground tests of the equipment may be warranted to verify the
basc function of each item. Quantitative data may be obtained, as necessary, to verify the
system desgns. These data include operating temperatures of therma devices, deicing fluid flow
rates and flow patterns for deicing liquid devices, and operating pressures and rates of inflation

of pneumatic components.

5. FLIGHT TEST PLANNING. When operating any arplane in an icing environment,
degradation in performance and flying qualities may be expected. The primary purposes for
flight tesing an arplane equipped for flight in icing conditions is to evauae such degradation,
and to determine tha the flying qualities remain adequate and that performance levels are
accepteble for this flight environment.

In accordance with part 33, engine icing certification results should aso be carefully reviewed
prior to any part 25 engine or arframe icing flight tests in order to determine if there were any
anomaous results that will require specid arplane/engine operating procedures. The flight tests
and andyses of flight tests should:

a. Demondrate norma operation of the arplane with the ice protection sysem indaled in
norricing  flight.

b. Demondrate the ability of the arplane to operate safely with critica in-flight ice shapes.
The icing conditions specified in part 25, Appendix C, are used to deterrnine these ice shapes.

c. Veify the andyticd predictions that the ice protection sysem will perform its intended
function throughout the icing envelope defined in Appendix C.
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d. Veify the adequacy of the flightcrew procedures and limitations for the use of the ice
protection sysem in norma, abnorma, and emergency conditions.

e. Demondrate operation of the arplane in icing conditions with faled ice protection
sydems, which may indude asymmetric icing.

f.  Confirm that the powerplant ingalation as a whole (engine, inlet, anti-ice system, etc.)
peforms saidfactorily while in icing conditions. In addition, the APU should be evauated for
performance in icing conditions if it performs essentid functions

6. COMPLIANCE TESTS (Flight/Smulation). The following paragraphs address the magor
flight tests normaly performed to show compliance with the requirement of § 25.1419 that the
arplane mugt be able to safdy operae in the continuous maximum and intermittent maximum
icing conditions described in Appendix C to part 25. The arplane should be shown to comply
with the certification requirements when dl ice protection sysems are indaled and functioning.
This can normdly be accomplished by performing tests at those conditions found to be most
criticd to badc arplane aerodynamics, ice protection system design, and powerplant functions.
All anti-ice and deice equipment should perform its intended function throughout the entire
operating envelope.

a. Three Typicd Stages of Icing Hight Tests

(1) Dry ar flight tests with ice protection equipment operaing;
(2) Dry air flight tests with predicted artificid ice shapes inddled; and
(3) Naturd icing flight tedts

b. Dry Air Hight Tests with lce Protection Equipment Operating. Initid dry ar flight tests
are usudly the firg steps conducted to evduate the arplane with the ice protection system
operating. The initid dry air tests are conducted to verify that the ice protection system does not
affect the flying qudities of the arplane in dear air and to obtain a thermd profile of an
operating thermd ice protection system. Several commonly used ice protection systems and
components are discussed below to illustrate typica dry air flight test practices. Other types of
equipment should be evduated as their specific desgn dictates.

(1) Hot Air Thema Anti-ice (TAI) Leading Edge Systems. Dry air flight tests are
conducted to verify the system design parameters and therma performance andyses.

(a) Normdly, the sysem components are instrumented to measure the anti-icing
mass flow rate, supply air temperature, and the surface temperatures. The dry ar test plan
generdly includes the airplane operating conditions such as climb, holding, and descent phases
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of a normd flight profile Since the presence of moisture can affect the surface temperatures, the
tests should be conducted where the humidity is low.

(b) The measurements of anti-icing mass flow rate and supply ar temperature
dlow the determination of heat avalable to the sysem. The adequacy of the ice protection
system then can be demondirated through a comparison of the measured data to the theoretica
andyss over the entire Appendix C icing envelope. The surface temperatures measured in the
dry ar, for example, can be ussful in extrgpolating the maximum possible leading edge surface
temperature inflight, the heeat transfer characteristics of the system, and the thermd energy
available for the ice protection system. The supply ar temperatures dso may be used to verify
that the materials of the ice protection system were gppropriately chosen for the therma
environmen.

(2) Hot Air Theemd Deice Leading Edge Sysems Normdly the TAIl sysem is
desgned and cetified as an anti-icing sysem. Some arplane manufacturers may recommend
that the system be operated as a deice system. The leading edge of the airplane arfoils are
deiced once the pilot has detected icing through a visua cue or the deicing is initiated ether
automaticdly or manudly after an ice detection system has sensed the presence of ice. The same
type of testing described in paragraph (1) above should be considered for this type of system.

(3) Pneumatic Leading Edge Boots. Tests should demondtrate a rise and decrease in
operating pressures, which results in the effective remova of ice. This pressure rise time, as well
as the maximum operating pressure for each boot, should be evauated throughout the atitude
band defined in Appendix C (i.e., mean sea level (MSL) to 22,000 feet above MSL). Boots
should be operated in flight a the minimum envelope temperature (-22 °F) of Appendix C, to
demondrate adequate performance throughout the entire flight envelope and to demondrate that
no damage occurs during inflation and deflation. The appropriate speed and temperature
limitation (if any) on boot activation should be included in the Airplane Hight Manud (AFM).
The inflation of the boots should have no hazardous effect on arplane peformance and handling
qualities.

(4) Electrically Heated Propeller Boots. For compliance with the provisons of
§§ 25.901(c), 25903(b), 25.929, and 25.1419(c):

(& When flight teting in dry air, the following sysem parameters should be
monitored to confirm proper function. It is suggested that system current, brush block voltage
(i.e,, between each input brush and the ground brush) and system duty-cycles be monitored to
ensure that adequate power is gpplied to the deicers. Surface temperature measurements should
be made during dry air tests. These surface temperature measurements are useful for corrdating
andyticaly predicted dry air temperatures with actud temperatures, and as a genera indicator
that the system is functioning and that each deicer is heating.
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(b) The system operaion should be checked throughout the full r.p.m. and
propeller cydic pitch range expected during flight in icing. Any dgnificant vibrations should be
investigated.

(c) Congderation should be given to the maximum temperatures that a composte
propeller blade may be subjected to when the deicers are energized. It may be useful to monitor
deicer bond-sde temperatures. When performing this evauation, the most critica conditions
should be invedtigated (e.g., airplane on the ground; propellers non-rotating) on a hot day with
the sysem inadvertently energized.

(5) Windshield Anti-lce. Section 25.773(b)(ii) requires tha the airplane must have a
means to mantan a clear portion of the windshield in icing conditions specified in § 25.1419, if
certification with ice protection provisons is requested. Dry air flight tests should be conducted
to verify the theemd andysis. Both inner and outer windshidd surface temperature
measurements of the protected area may be needed to verify the thermd andyss. Therma
andyss should subgantiate that the windshidd surface temperature is sufficient to maintain anti-
icing capability without causng structurd damage to the windshidd. An evdudion of the
vighility, including distortion effects through the protected area, should be made for both day
and night operations. In addition, the sze and location of the protected area should be reviewed
for adequate vighility, especidly during the gpproach and landing phases of flight.

(6) Pitot-Static and Static Pressure Sources. Section 25.1323(e) requires a hesated pitot
tube or an equivaent means of preventing mafunction due to icing for each airgpeed indicating
system; § 25.1325(b) requires that static pressure ports be designed and located such that the
correlation between ar pressure in the datic pressure system and true ambient atmospheric dtatic
pressure is not affected when the arplane encounters icing conditions defined in Appendix C;
and § 25.1326 requires an indication system be provided to indicate to the flightcrew when a
pitot heating sysem is not operating. An acceptable indication system may condst of separate
lights or crew dert indication on an dectronic diplay for each pitot source. Additiona guidance
on an acceptable means of compliance with § 25.1326 is provided in AC 251 1. Component
surface temperature evauations should be performed to verify therma analyses.

(7) Compressor Bleed Air Systems. The effects of any bleed air extraction on engine
and airplane performance should be examined and included in the AFM performance data. The
aurface heat digribution andyss should be verified for varying flight conditions induding climb,
cruise, hold, and descent. Temperature measurements may be necessary to verify the therma
analyses. In accordance with the provisons of $25.939(g), the effects of the maximum bleed air
for ice protection should have no detrimenta effect on engine operation throughout the engine's
power range.

c. Dry Air Hight Tests with Predicted Artificid lce Shapes. The inddlation of atificid
ice shapes on the test arplane dlows arplane performance and handling characteridtics to be
evduated in gable dry ar conditions with the criticd ice shape remaning a congant (i.e,, no
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.change of ice accretion due to eroson, shedding, sublimation, etc., as can occur with naturd ice
shapes). Dry ar flight tets with artificid ice shapes indaled dso result in a condderable
reduction in the amount of flight testing that would otherwise be required to accumulate the test
ice shgpes in naturd icing conditions and then evauate their effects on arplane performance and
‘handling characteridics in stable air.

(1) The shape and texture of artificid ice shapes should be developed and substantiated
using methods found acceptable to the FAA. Common practices include: use of computer codes
for droplet impingement limits and ice shape predictions, flight in measured naturd icing
conditions, icing wind tunnd tests, and flight in a measured controlled smulated icing cloud
(e.g., behind an icing tanker). These methods should be conservative and should address the
conditions associated with the icing envelope of part 25, Appendix C, that are critical to the
arplane's peaformance and handling qudities. It is not intended that naturd icing flight tests
vaidate all aspects of predicted ice shapes. Hight testing should be conducted in measured
naturdl icing conditions (within the pat 25, Appendix C icing envelope) to corroborate the
generd physcd characterigtics and location of the atificid ice shapes, and, in paticular, ther
effect on arplane handling characteristics.

Note: The 45-minute hold condition will result in large ice shapes on the unprotected surfaces
that, from visua assessment done, would appear to have a dragtic effect on arplane performance
and handling characteristics. Operationa history and wind tunne tests have shown tha the ice
that forms on the protected and unprotected surfaces before activation and normal operation of
the ice protection sysem may dso have a detrimentd effect on the lift and pitching moment
characterigtics of the wing and horizontd tal arfoils. Smilaly, for arplanes with cydic ice
protection systems, the ice that accretes on the protected surfaces between cycles may have more
than an indgnificant contribution to the totd effect of ice on the arplane performance and
handling characteristics, when combined with the 45-minute holding ice accretion on the
unprotected surfaces.

(2) The effects of the ice shapes on gl speeds and arplane climb performance should
be determined. Stdl waning margins and maneuvering cgpability should aso be evaduated.
Operating speeds, stadl warning speeds, and AFM performance information should be adjusted, if
necessary, to provide adequate performance capability and sal warning margins. The
determination of the effects of ice on arplane performance should include the decrease of engine
power or thrust resulting from the applicable operating mode of the ice protection system. In
generd, the effects on any system that utilizes bleed air should be determined. This information
should appear in the AFM.

(3) Handling characterigtics should be investigated to determine that an acceptable leve

of safety exigds. The reaults of these tests may be used in preparing specific AFM operating
procedures and limitations for flight in icing conditions.
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(4) The effects on pitot-gatic, pressure sources, stal warning, and angle-of-attack
sensors may need to be confirmed by dry ar testing with shapes ingtdled at criticd locations that
are not protected from ice accumulation. It should be confirmed that any ice formed on the
arfi-arne in the vicinity of the sensors does not adversdly affect the sensor’s operation.

Note Effects on the sensors are typicdly evaduated in naturd icing conditions.

(5) Testing with ice shapes should be gpproached with extreme caution. A suitable
buildup program to the full span ice shape configuration should be consdered if sufficient
andyss or amilarity to other desgns does not provide full confidence in the performance and
handling qudities of the arplane with full-gpan ice shgpes inddled.

d. ldng Hight Teds. Hight tests in messured naturd icing and the use of smulaed icing
tools, such as icing tankers and icing wind tunnels, are normaly employed to demondrate that
the ice protection sysem performs during flight as predicted by analyss or other testing. They
are dso usad to confirm the andyses usad in developing the various components (eg. ice
detectors) and ice shapes and, in the case of naturd icing tests, to confirm the conclusons
reeched during flight tests conducted with atificid ice shgpes. Testing should be accomplished
within the icing envelope of pat 25, Appendix C, to verify the andyticdly predicted location
and general physicd characterigtics of the ice accretions and, in particular, to corroborate the
generd nature of the effects on arplane handling characteristics and performance determined
with artificid ice shgpes.

(1) Ingrumentation. Sufficient insrumentation should be planned to alow
documentation of important arplane, syssem and component parameters, and icing conditions
encountered. The following parameters should be considered:

(a) Altitude, airspeed, and engine power level or speed, as well as propdler speed
and pitch (if gpplicable).

(b) Static ar, engine component, eectrica generation equipment, surface,
interlaminate, and any other key temperatures that could be affected by ice protection equipment,
by ice accumulation, or are necessaxy for vdidation of anayses.

(c) Liquid water content can be measured using a hot-wire anemometer-based
ingrument or other equivadent means.

(d) Median volume droplet diameter. This can be agpproximately determined by
using a drop dide device. A gdatin oil or soot dide is exposed to supercooled liquid water and
the resultant impact craters are measured with a microscope. Median volume diameter may aso
be measured using more sophisticated equipment such as a laser-based droplet measuring and
recording instrument. Trained personne should confirm that the equipment is properly
cdibrated and functioning during the teds.

12
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(e) A means to measure ice accumulation, such as a rod mounted on the arfoil and
the use of black paint on the airfail.

(@ Smulated Icing.

(a) Teding in dmulated icng environments, such as icing tunnels or behind icing
tankers, represents one way to predict ice protection capabilities of individuad eements of the ice
protection equipment. Due to limited volume of the smulated icing environment, testing is
usudly limited to components having small exposed surfaces, such as heated pitot tubes,
antennas, ar inlets induding engine induction ar inlets, empennage, and other surfaces having
gmdl leading edge radii and windshidds.

(b) A smulaed icing exposure may be obtained by usng onboard Soray nozzles
forward of the component under examination or by flying the test arplane in the cloud generated
by an icing tanker. It may be difficult to obtain small droplet Szes with some spray nozzles,
therefore, these methods could produce larger ice build-ups and different ice shapes than those
observed in naturd icing conditions within the icing envelope of part 25, Appendix C. Smulated
icing tests should be evduated to ensure the conditions of concern are accuratdy smulated.

(3) Naturd Icing. Hight tests in measured natural icing conditions are required by
§ 25.1419 to verify the ice protection anayss, to check for icing anomdies, and to demondrate
that the ice protection system and its components function as intended. Advisory Circular 20-73
(paragraph 25) provides additiond information that is useful for planning a naturd icing flight
test program. At least one exposure to icing conditions within the part 25, Appendix C,
continuous maximum icing envelope should be obtained. The exposure should be sufficiently
sabilized to obtan vdid data It is often difficult to obtain temperature abilization during brief
exposures. Additional exposures may be required to dlow extrgpolation to the envelope critica
conditions by andyss. Test data obtained during these exposures may be used to validate the
andyticd methods used and the results of any preceding smulated icing tests.

(a) Past experience indicaes that flight tesing in naurd intermittent maximum
icing conditions may be accompanied by severe turbulence and possible hal encounters that
could extensvely damage the test arplane. When design andyses show tha the critica ice
protection design points (i.e, heat loads, critica ice shapes, accumulation, and accumulation
rates, etc.) are adequate under these conditions, and sufficient ground or flight test data exist to
verify the andyds, the flight tes in intermittent maximum icing conditions may not be
necessary.

(b) During naturd icing flight tests, ice accumulation on unprotected areas should

be observed, where possible, and sufficient deta taken to dlow corrdation with dry ar tests usng
atificid ice shapes. Remotdy located cameras ether on the test arplane or on a chase arplane
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have been used to document ice accumulations on aress that cannot be seen from the test
arplane's flightdeck or cabin. A limited test program should be conducted in naurd icing
conditions to show a generd corrdation with the results of flight tests conducted with artificid
ice shagpes in dry air. In addition, flying qudlities and performance should be quditatively
evauated with the ice accumulations existing just prior to operaion of deice (as opposed to anti-
ice) components. The ice protection sysems are to be activated by the flightcrew when icing
conditions exist in accordance with AFM procedures proposed by the gpplicant. However, for
anti-ice components, tests should aso be conducted that smulate inadvertent icing encounters in
which the pilot may not recognize that the arplane has entered an icing condition and the anti-ice
component may not be activated until actua ice build-up is noticed. A dday in the activation of
the ice protection system should be used in these tests to represent the flightcrew’s failure to
recognize that they are in icing conditions. The delay should be based on the icing recognition
means avalable to the flightcrew for the particular arplane (eg., visud observation of ice
accumulations or an ice detector) and the recommended crew procedures. An ice accretion
should be determined that would accumulate in the continuous maximum icing conditions of part
25, Appendix C, during the time period that represents the recognition delay, plus the time it
takes for the ice protection system to perform its intended function. Handling qudities should
remain acceptable to the tet pilot, and the arplane should be capable of operating safely with
this ice accretion.

() To use athermd deice system as the ice protection system, the applicant may
be required to demondrate the effectiveness of the deice operdion either in smulaed icing
conditions or during the naturd icing flight test certification program. The tests usudly
encompass the measurements of the surface temperature time history. This time higory includes
the time the system is activated, the time the surface reaches an effective temperature, and the
time the mgority of ice is shed from the leading edge. It should be demongrated that the effect
of ice accretions resulting from any delay between the onsat of icing conditions and the remova
of ice on the affected airplane surface does not result in an unacceptable degradation in airplane
performance and handling characteristics. The data should be recorded in the flight test report.

(4) Huid Anti-lce/Deice Sysems. Hight tegting should include evauation of fluid
flow paths to confirm that adequate and uniform fluid distribution over the protected surfaces is
achieved. Huid flow pahs should be determined when the fluid is mixed with impinging water
during system operation. In cold temperatures, fluid flow paths determined without the
impinging water may result in the anti/deice fluid freezing on the surface to be protected. A
means of indicaing fluid flow rates, fluid quantity remaining, etc., should be evauated to
determine that the indicators are plainly visble to the pilot and that the indications provided can
be effectivdy read. A shutoff vave should be provided in sysems using flammable fluids. The
fluid anti-ice/deice systems may be used to protect propellers and windshields as wdl as leading
edges of arfoils. The fluid for windshidd fluid anti-ice sysems should be tested to demondrate
that it does not become opague a low temperatures. The Airplane Hight Manud should indude
information S0 the flightcrew will know how long it will take to deplete the amount of fluid
remaning in the resarvoir.
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e. Peformance and Handling Qudities. Airplane performance and handling qudities are
degraded by ice accumulations in various ways depending upon the type, shape, size, and
location of these accumulations. Because of these variaions in degradetion, it is difficult to
edablish a standard method of demondrating satisfactory performance with such degradations.
However, certain minimum tests should be used to demondrate that the arplane does not have
unsafe festures or characteristics that prevent it from operating safely in the part 25, Appendix C,
icing enveope. A minimum set of flight tests for determining the effects of ice accretions on
arplane performance and handling characteridtics is presented in AC 25-7A, “Hight Test Guide
for Certification of Transport Category Airplanes.”

f. Pneumatic Deicer Boots. Many AFM's specify a minimum ice accumulation thickness
prior to activation of the deicer boot system. This practice originates from the beief that a bridge
of ice could form if the boots are operated prematurely. Although the ice may not shed
completely with one cycle of the boots, this resdud ice will usudly be removed during
subsequent boot cycles and does not act as a foundation for a bridge of ice to form. The AFM
procedure for boot operation should be to operate the boots at the first sign of ice and not wait for

a soecific amount of ice to accumulate.

Note: Activation of the deicing boots typicaly results in one cycle of inflation and deflation of
al boots, but not necessarily a the same time. Some systems are designed such that a complete
cycle of the boots does not occur (i.e., some boots are not inflated) if the ice protection system is
“sdlected off’ before the cycle is complete. For these systems the AFM should include
information to warn the flightcrew to select the ice protection system on for a least one complete
cycle of the deicing boots. This note is equaly agpplicable to other deicing systems that Smilarly
do not activate dl portions of the deicing systems smultaneoudly.

g Emergency and Abnormd Operating Conditions. Hight tests should be conducted to
demondgrate continued safe flight and landing, using appropricte AFM abnormal and/or
emergency operating procedures, following falures in the ice protection sysem. These
demondrations should be conducted with anticipated resdua ice accumulaion on normaly
protected surfaces.

h. Ice Detector System (Primary and Advisory). Ice detector systems either directly detect
the presence of ice on the arplane surface or detect that the arplane is in icing conditions. In the
latter case, flight testing is typicaly performed to correlate the detected icing conditions and the
presence of ice on the arplane. The primary system is the prime means used to determine when
the ice protection system should be activated. The activation of the ice protection syssem may be
automaticaly or manudly activated. An advisory system is not the prime means used to
determine if the ice protection system should be activated. Typicdly, when there is an advisory
gsysem inddled on an arplane the flightcrew is the primary means for determining when the ice
protection system should be activated.
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7. PERFORM INTENDED FUNCTION IN ICING. All systems and components of the basic
arplane should continue to function as intended when operating in an icing environment
incduding, for example

a. Engines and Equipment. Engines and equipment (such as generators and dternators
operating under maximum ice protection load) should be monitored during icing tests for
adequate cooling (§ 25.1041) and be found acceptable for this operation (§§ 25.1093 and
25.1301).

b. Engine Alternate Induction Air Sources. Engine dternae induction ar sources should
reman functiond in an icing environment.

c. Fud Sysem Venting. Fud system venting should not be adversdy affected by ice
accumulaion.

d. Landing Gear. A retractable landing gear should operate as intended following an icing
encounter. Gear retraction should not result in an unsafe indication because of ice accretion.

e. Sal Warning. lce could form on sal warning and angle-of-attack sensors if these
devices are not protected. Therefore, the sensors functions should be evaluated for operation in
the icing conditions of Appendix C. Adequate stal warning (aerodynamic or atificia) should be
provided with ice accumulations on the arplane. lce accumulaions that should be considered
are those on unprotected surfaces, those that occur prior to the initid activation of the ice
protection system, those that occur between the ice protection activation cycles, and those that
reman after one cycle of the ice protection sysem. The activation points of atificid sal
warning and gal identification systems, if inddled, may need to be reset for operaions in icing
conditions to provide adequate sal warning margins and to prevent inadvertent staling or loss
of control, respectively.

f. Ice Detection Cues. Ice detection cues that the pilot relies on for timely operation of ice
protection equipment should be evauated in anticipated flight attitudes.

g. Primary and Secondary Flight Control Surfaces. Primary and secondary flight control
surfaces should remain operationd after exposure to icing conditions. Demondrate that
aerodynamic balance surfaces are not subject to icing throughout the airplan€'s operating
envelope (weight, center of gravity, and speed) or that any ice accumulation on these surfaces
does not interfere with or limit actuation of the control for these surfaces, including retraction of
flaps for a safe go around from the landing configuration.

h. Ram Air Turbine. The ram ar turbine should remain operationd. It does not need to be
tesed in natura icing conditions if tested in the icing wind tunnd.
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i. Pilot Compatment View. In support of compliance with § 25.773, Rilot compartment
view, any obstruction of the pilots view due to ice accumulaion should be noted.

8. ICE DETECTION LIGHT(S). Unless operations a night in known or forecast icing
conditions are prohibited by an operating limitation, § 25.1403 requires that a means be provided
for illuminating or otherwise determining the formation of ice on the parts of the wings that are
critical from the standpoint of ice accumulations.

a. If the wings cannot be observed by the flightcrew, one acceptable means of compliance
with this regulation would be the ingdlation of an ice evidence probe located in a postion where
the flightcrew can observe the ice accumulation. Formation of ice on the device should be
shown to precede or occur Smultaneoudy with the formation of ice on the wings. Consideration
should be given to the need for illumination of the ice evidence probe.

b. Ice detection lights should be evduated both in and out of clouds during night flight to
determine that adequate illuminaion of the component of interest is avalable without excessve
glare, reflections, or other digtractions to the flightcrew. These tests may be conveniently
accomplished both in and out of clouds during the arplane certification flight tests. Typicdly,
arplane-mounted illumination has been used as a means of compliance with this regulation. Use
of a hand-held flashlight has not been considered acceptable due to the associated workload. The
gopropriate manua should identify the ice characterigtics the flightcrew is expected to observe
and the flightcrew action associated with the observation.

9. ICE-CONTAMINATED TAILPLANE STALL (ICTS). This phenomenon occurs due to
arflow separation on the lower surface of the talplane. This can occur if the angle-of-attack of
the horizontal talplane exceeds the stdl angle-of-attack, which can be reduced by even smal
quantities of ice on the talplane leading edge. The increase in talplane angle-of-attack can
result from arplane configuration (eg., increased flgp extenson increasng the downwash angle
or trim required for the center-of-gravity podtion) and flight conditions (e.g., a high gpproach
speed resulting in an increased flagp downwash angle, gusts, maneuvering, or changes to engine
power setting). ICTS is characterized by a reduction or loss of pitch control or stability while
operating in, or after recently departing from, icing conditions. For arplanes with unpowered
longitudinal control systems, the pressure differentid between the upper and lower surfaces of
the ddled talplane may result in a high devator hinge moment, forcing the eevator traling edge
down. This devator hinge moment reversd can be of sufficient magnitude to draw the control
column forward with a level of force that is beyond the combined efforts of the pilot and copilot
to overcome. On some arplanes, ICTS has been caused by a laterd flow component coming off
of the vertical stabilizer, as may occur in sideslip conditions or due to a gust with a lateral
component. Aerodynamic effects of reduced tailplane lift should be consdered for al arplanes,
including those with powered controls. An evdudion should be made to determine if this unsafe
flight condition is likey to occur. Airplanes susceptible to this phenomenon are those having a
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near zero or negaive talplane sl margin with tailplane icing contamination. An acceptable
flight test procedure for determining susceptibility to ICTS is presented in AC 25-7A.

10. CAUTION INFORMATION. Section 25.1419(c) requires that caution information be
provided to dert the flightcrew when the ice protection sysem is not functioning normdly.
Caution information should be provided if the falure condition of the ice protection sysem can
result in a hazardous arplane condition. It should be assumed that icing conditions exist during
the falure event. The decison to provide the caution information should not be based on the
numerica probability of the falure event (i.e, even if a numericd probability andyss indicaes
the system failure is improbable or extremdy improbable, the caution information should be
provided if the falure could result in a hazardous condition).

a. The placement of the sensor(s) used to identify a fallure condition should be evauated to
ensure that the sensors are properly located to obtain accurate data on the failure of the ice
protection system.

b. The gpplicant should submit data to subgantiate that the indication system does not give
a fdse indication that the sysem is functioning normaly. For example, if a pneumatic deicing
system (boots) requires a specific minimum pressure and pressure rise rate to adequately shed
ice, then caution information should be provided if the minimum pressure and pressure rise rate
are not atained. If this caution information is not provided, the flightcrew may erroneoudy
believe that the boots are operating normaly when, in fact, the boots might not be inflating with
asufficient pressure or rate of inflation to adequately shed the ice. The need for caution
information should aso be consdered for the case of ice forming in the pneumdic system that
can result in low pneumatic boot pressures or an inadequate pressure rise rate.

11. ICE SHEDDING. Ice shedding from forward airplane structures may damage or erode
engine or powerplant components as well as lifting, sabilizing, and flight control surface leading
edges. Fan and compressor blades, impeller vanes, inlet screens and ducts, as well as propellers,
are examples of powerplant components subject to damage from shedding ice. For fusdage
mounted turbojet engines (and pusher propdlers that are very close to the fusdage and well aft of
the arplane’s nose), ice shedding from the forward fusdage and from the wings may cause
sgnificant damage. Ice shedding from components, including antennas, of the arplane should
cause no more than cosmetic damage to other parts of the arplane, including aft-mounted

engines and propdlers (compliance with § 25.1093). Consderation should aso be given to
arrplane damage that can occur due to ice shedding from the propdlers.

Control surfaces such as eevators, allerons, flaps, and spoilers are dso subject to damage,
especidly those condructed of thin metdlic, nonmetdlic, or composte materids. Trgectory and
impingement analyses may not adequately predict such damage. Unpredictable ice shedding
paths from forward areas such as radomes and forward wings (canards) have been found to

negate the results of these andlyses. For this reason, a damage andysis should consider that the
most critical ice shapes will shed and impact the areas of concern.
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12. AIRPLANE FLIGHT MANUAL (AFM). The AFM should provide the pilot with the
information needed to operae the ice protection sysem, including the following:

a Operating Limitations Section.

(1) The minimum argpeed that should be maintained for each norma arplane
configuration whenever ice exids on the criticd surfaces.

(2) Indructions to activate the engine anti-ice system if Ingrument Meteorologica
Conditions (IMC) are encountered at an dtitude near or above the freezing leve.

(3) Landing weght limitations should be presented for flight in icing that reflect any
effects on lift, drag, thrust, and operating speeds related to operating in icing conditions. These
weight limitations may be presented in the Performance Information Section of the AFM and
included as limitations by specific reference in the Limitations Section of the AFM.

(4) Limitations on operating time for ice protection equipment, if these limitations are
based on fluid anti-ice/deice systems capacities and flow rates.

(5) Speed limitations (if any) and minimum temperature for deicing boot operation for
arplanes equipped with boots.

(6) Environmenta limitations for equipment operations as goplicdble (eg., minimum
temperature for boot operation or maximum dtitude for boot operetion).

(7) Minimum engine speed if the arframe ice protection sysem does not function
properly below this speed.

(8) A ligt of required placards.

(9) For arplanes with unpowered roll controls and pneumatic deicing boots, a warning
should be provided for severe icing that may result from environmental conditions outside the

icing envelope established as the basis of the gpprova defined in Appendix C (reference the
AFM information in paragraphs 12d(3) and (4)).
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b. Operating Procedures Section.

(1) Section 25.1585(a)(6) requires that the pilot be provided with recommended
procedures for the use of ice protection equipment. This should incdude any preflight action
necessary to minimize the potentia of enroute emergencies associated with the ice protection
sysgem, The sysem components should be described with sufficient clarity and depth that the
pilot can understand their function. Unless flightcrew actions are accepted as norma armanship,
the appropriate procedures should be included in the FAA-approved AFM, AFM revision, or
AFM supplement. These procedures should include proper pilot response to cockpit warnings, a
means to diagnose system failures, and the use of the system(s) in a safe manner.

(2) Procedures should be provided to optimize arplane operation during penetration of
icing conditions, including climb, holding, and gpproach configurations and speeds. The AFM
should define when the ice protection equipment should be activated.

(3) Emergency or abnorma procedures, including procedures to be followed when ice
protection systems fall and/or warning or monitor aerts occur, should be provided.

(4) For fluid anti-ice/deice systems, information and method(s) for determining the
remaining flight operation time should be provided.

(5) For arplanes that cannot supply adequate dectricd power for dl sysems at low
engine speeds, load-shedding instructions should be provided to the pilot for approach and
landing in icng conditions.

¢. Performance Information Section. Data should be provided so that the maximum
landing weight, as limited by gpproach and landing climb performance (§§ 25.121(d) and 25.119
respectively) can be determined in icing conditions. These data should include the effect of drag
due to residua ice on protected and unprotected surfaces, the power extraction associated with
ice protection system operation, and any changes in operating peeds due to icing. The effect on
landing distance due to revised gpproach speeds, and/or landing configurations, should be shown.

d. Airworthiness Directives for Severe lcing Conditions.

(1) In October 1994, an accident involving a transport category airplane occurred in
which severe icing conditions were reported in the area. During extensve testing the accident
profile was replicated by ice shgpes developed from testing in an icing cloud having droplets in
the Sze range of freezing drizzle a a temperature near freezing. This condition crested a ridge of
ice &t of the deicing boots and forward of the ailerons, which resulted in uncommanded motion
of the alerons and rapid roll of the arcraft.

(2) Following this accident the FAA determined that flightcrews are not currently
provided with the information necessary to determine when the arplane is operating in icing
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conditions that have been shown to be unsafe and for which the arplane is not certificated; or
what action to take when such conditions are encountered. Therefore, the FAA determined that
flightcrews must be provided with such information, and must be made aware of certain visud
cues that may indicate when the arplane is operating in amospheric conditions that are outsde
the part 25, Appendix C icing envelope.

(3) The FAA is particulaly concerned with arplanes that are equipped with pneumétic
deicing boots and non-powered roll control systems, since non-powered roll flight controls do
not have the physica advantage of hydraulic or dectricd power to assg the pilot in overcoming
the large control forces that may exigt from differentid pressure resulting from flow separation
over the rall control surfaces. The FAA issued a series of Airworthiness Directives (AD’S) in
April 1996 and February 1998 on arplanes equipped with pneumatic deicing boots and non-
powered roll control systems. The AD’s require revisng the Airplane Hight Manud (AFM) to
provide the flight crew with recognition cues for, and procedures for exiting from, severe icing
conditions, and to limit or prohibit the use of various flight control devices. Other smilaly
equipped arcraft should dso include this information in the AFM.

(4) The limitations and procedures specified in Airworthiness Directive (AD) 96-09-25
are an acceptable means of providing this information. These limitations and procedures include,
but are not limited to, the following:

(a) Visud cues that the arplane is in severe icing conditions;

(b) Prohibition on the use of the autopilot when the visua cues are observed;

(c) All icng detection lights operdive prior to flight into icing conditions a night;
(d) Innnediate exiting of the severe icing conditions, and

(e) If the flaps are extended, do not retract them until the airframe is dear of ice

Note: The retraction of the flgps is contingent upon the exisence of a means to determine if the
arframe is clear of ice
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